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(54) LUMINESCENT MATERIAL AND ORGANIC EL ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a 
luminescent material having improved 
responsiveness and high luminescence 
' intensity and an organic EL element. 
SOLUTION: This luminescent material 




(I) 



comprises a tris(bipyridyl)ruthenium 
complex represented by general formula (I) 
(X is selected from hydrogen, a methyl 
group, COOH and COONa and at least two 
of six Xs are a methyl group, COOH or 
COONa) and an ion-conducting polymer. 
This organic EL element comprises the 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 

[Claim(s)] 

[Claim 1] Luminescent material which consists of a tris (bipyridyl) ruthenium 
complex expressed with a general formula (I), and an ion conductive polymer. 
[Formula 1] 




X X 
(I) 



(However, in a general formula (I), X is chosen from hydrogen, a methyl group, 
-COOH, or -COONa, and at least two of six X are a methyl group, -COOH, or 
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-COONa.) 

[Claim 2] Luminescent material which consists of a tris (bipyridyl) ruthenium 
complex expressed with a formula (II), and an ion conductive polymer. 
[Formula 2] 



NaOOC COONa 




(II) 



[Claim 3] Luminescent material according to claim 1 or 2 whose ion conductive 
polymer is Li salt mixing polyethylene oxide. 

[Claim 4] The organic EL device characterized by an organic 
luminescent-material layer containing a luminescent material according to claim 
3 in an anode plate, an organic luminescent-material layer, and the organic EL 
device that consists of cathode. 

[Claim 5] The organic EL device according to claim 4 characterized by 

manufacturing a luminescent-material layer by the spin coat method. 

[Detailed Description of the Invention] 
[0001] 

4 



JP2002- 173673 English 



[Field of the Invention] This invention relates to the organic electroluminescence (EL) 

component which uses luminescent material and this luminescent material. 

[0002] 

[Description of the Prior Art] In recent years, many researches of the EL element used 
for a display etc. and development are performed, and big-screen[ the raise in 
brightness, full- colorizing, and Hzing is at a quick pace, and is advanced. The many 
make Alq3 complex (aluminum quinoline complex) the subject, and the luminous layer 
of the organic EL device already put in practical use is produced by the dry process 
centering on vacuum deposition. However, in order to correspond to large-area-izing of 
a component, and reduction of a manufacturing cost, ordinary temperature and wet 
process producible by ordinary pressure are more desirable. Moreover, degradation in 
atmospheric air is intense and Alq3 complex has a problem in the stability of 
luminescence. 

[0003] As an ingredient which conquers such a fault of Alq3 complex, a ruthenium (II) 
complex is studied recently and the organic EL device which used the ruthenium (II) 
complex for luminescent material is reported. This impresses an electrical potential 
difference to the ruthenium (II) complex inserted into an anode plate and cathode. An 
electron hole and an electron are poured in from an anode plate and cathode, and the 
ruthenium (II) complex excited because the ruthenium (III) complex which it was 
oxidized or returned and was generated, and a ruthenium (I) complex join together 
generates, respectively. The electrochemical reaction of emitting light in case this 
excitation ruthenium (II) complex combines with the usual ruthenium (II) complex is 
used, a ruthenium (II) complex - production of a component - a spin coat (spin cast) 
since wet process like law can be used, reduction of a manufacturing cost is also 
expectable. 

[0004] The solid- state mold light emitting device using a ruthenium (II) complex was 
reported by Murray and others at first (J. Am.Chem.Soc.119 (1997) 3987-3993). 
Although Murray and others uses the tris (bipyridyl) ruthenium complex which carried 
out the ester bond of the polyethylene glycol as a ruthenium (II) complex, quantum 
efficiency was low and production process of a component was also complicated. 
[0005] On the other hand, Rubner and others reported the EL element of the easy 
structure which can do the spin cast (Appl.Phys.Lett.69 (1996) 1689-1690). The 
ruthenium (II) complex which Rubner and others used is a tris (phenanthroline) 
complex. 

[0006] As mentioned above, although a ruthenium (II) complex has an advantage for 
****** which can produce a thin film according to wet process, since a ruthenium (II) 
complex emits light by the oxidation reduction reaction, it has the delay of a response 
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peculiar to electrochemical luminescence, and utilization as a light emitting device has 

been made difficult. 

[0007] 

[Problem(s) to be Solved by the Invention] The technical problem of this invention is to 
improve responsibility and offer [ tend to solve these conventional techniques, ] 
luminescent material also with high luminescence reinforcement. Moreover, the 
technical problem of this invention is to offer the organic EL device with which 
responsibility has been improved. 
[0008] 

[Means for Solving the Problem] this invention persons result that a speed of response 
is improved remarkably in a header and this invention by using for a ruthenium (II) 
complex combining an ion conductive polymer, as a result of inquiring wholeheartedly, 
in order to solve the above-mentioned technical problem. 

[0009] That is, this invention relates to the luminescent material which consists of a 
tris (dipiperidyl) ruthenium complex expressed with a general formula (I), and an ion 
conductive polymer. 
[Formula 3] 




(However, in a general formula (I), X is chosen from hydrogen, a methyl group, -COOH, 

or -COONa, and at least two of six X are a methyl group, -COOH, or -COONa.) 

[0010] Moreover, this invention relates to the luminescent material which consists of a 

tris (bipyridyl) ruthenium complex expressed with a formula (II), and an ion conductive 

polymer. 

[Formula 4] 
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[00 11] Furthermore, as for an ion conductive polymer, in this invention, it is desirable 
that it is the polyethylene oxide containing Li salt. This invention relates to the EL 
element inserted into an anode plate and cathode by making this luminescent material 
into a luminous layer further again. The luminous layer in this invention can be 
formed with a spin coat method. 
[0012] 

[Embodiment of the Invention] Below, this invention is explained at a detail. The 
luminescence principle of a ruthenium (II) complex emits light, in case the ruthenium 
(II) complex excited because the ruthenium (III) complex which the electron hole and 
the electron were poured in, and it was oxidized and returned, respectively, and was 
generated from an anode plate and cathode to the ruthenium (II) complex inserted into 
an anode plate and cathode, and a ruthenium (I) complex join together generates and it 
combines with the usual ruthenium (II) complex. The electrochemical reaction which 
occurs on the occasion of the luminescence was shown in drawing 1 . The carrier with 
which the carrier equivalent to an electron is Rul+ and with which it is equivalent to 
an electron hole is Ru3+, and migration of a carrier is the electronic hopping by 
electrochemical reaction. 

[0013] In this invention, the tris (bipyridyl) ruthenium complex expressed with a 
general formula (I) and the tris (bipyridyl) ruthenium complex (Ru2 (bpyCOONa) 
(bpy)) preferably expressed with a formula (II) are used as a ruthenium (II) complex. 
[0014] The ion conductive polymers in this invention are the polymeric materials which 
gave conductivity by introducing the ionicity matter into a macromolecule. For example, 
the water soluble polymer which dissolved Li salt is desirable, and polyethylene oxide, 
polypropylene oxide, polyethylene succinate, Polly beta propiolactone, and 
polyethyleneimine are mentioned as a water soluble polymer used. The polyethylene 
oxide which dissolved Li salt is the most desirable. 
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[0015] When the tris (bipyridyl) ruthenium complex (Ru2 (bpyCOONa) (bpy)) of a 
formula (II) was compounded, it specifically mixed with the polyethylene oxide 
containing Li salt and the luminescence speed of response was measured, it was 
farther [ than the speed of response of a tris (bipyridyl) ruthenium complex (Ru3 
(bpy)) ] quick. It is surmised by combining an ion conductive polymer with a ruthenium 
(II) complex that a speed of response becomes quick notably for a current becoming 
easy to flow to the whole thin film when an ion conductive polymer is added. If a 
current becomes easy to flow to the whole thin film, an electron and an electron hole 
will become that it is easy to be poured into Ru complex, and it will be thought that it 
becomes easy to start the oxidation reduction reaction of Ru complex, and the response 
characteristic of a component improved. 

[0016] Although the example of this invention is indicated below, this invention is not 
limited to it. 

[Example 1] The tris (bipyridyl) ruthenium complex (Ru(bpy)3 2 (PF6)) and the tris 
(bipyridyl) ruthenium complex (Ru2 (bpyCOONa) (bpy)) were prepared. The ruthenium 
complex was used as water-soluble Ru complex with counter ion PF6 in order to mix to 
water-soluble polyethylene oxide and water-soluble homogeneity. A tris (bipyridyl) 
ruthenium complex (Ru(bpy)3 2 (PF6)) is a commercial item, and compounded Ru 
(bpy)2 (bpyCOONa) as follows. 

[0017] 520mg of commercial cis- -screw (2 and 2'-bipyridine) dichloro ruthenium 
hydrates, 2, and 2' - the - bipyridine -4 and 4' - 25ml of 3:2 mixed solutions of water 
and a methanol was put into 300mg of - dicarboxylic acid, and 300mg of sodium 
carbonates, and it flowed back for 2 hours. Since precipitate generated when a hexa 
fluorophosphoric acid ammonium 1.3g water solution and 5.67ml of hydrochloric acids 
of 1 convention were added after that, it filtered, after keeping it in a refrigerator 
overnight, and the crystal was obtained. One H-NMR analysis of the obtained crystal 
was carried out. 

lH-NMR(400MHz, DMSO-d6, TMS standard, ppm) delta 9.23 (s, 2H), 8.85 (m, 4H) 8.20 
(dd, J= 8.0, 6.8Hz, 2H), 8.19 (dd, J= 8.0, 6.8Hz, 2H) 7.93 (d, J= 6.0Hz, 2H), 7.87 (d, J= 
6.0Hz, 2H) 7.75 (d, J= 5.6Hz, 2H), 7.71 (d, J= 5.6Hz, 2H) 7.56 (dd, J= 8.0, 5.6Hz, 2H), 
From the 7.5l(dd, J= 8.0, 5.6Hz, 2H) NMR spectrum, it was identified that the 
obtained crystal is Ru(bpy) 2 (bpyCOOH) 2 (PF6). By mixing Ru(bpy) 2 (bpyCOOH) 
250(PF6) mg and NaOHlmg in a water solution, Na was introduced and Ru(bpy) 2 
(bpyCOONa) 2 (PF6) was compounded. 

[0018] Polyethylene oxide (PEO) 5.3mg of 50mg of ruthenium complexes and molecular 
weight 1,000 and 000, LiCF3S031mg, and NaOHlmg were dissolved in 5ml of 1:3 
mixed solutions of water and a methanol. The luminous layer was formed on ITO with 
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the spin coat method using the obtained solution. 1000 rotational frequencies/second 
performed the spin coat for 20 seconds in a second in 10 seconds and 1500 more times /. 
Thickness was 200nm. Then, the solvent was made to evaporate by heat treatment and 
it considered as the luminous layer. Then, about 200nm of Bi(s) was vapor-deposited 
with the vacuum deposition method, and the component of the structure of an ITO/Ru 
complex and PEO/Bi was produced. The luminescence property of a component was 
measured in ordinary temperature and atmospheric air. 

[0019] The result of having investigated the difference in the response of a 
luminescence property to the applied voltage of each EL element is shown in drawing 
2 . Responsibility impressed the electrical potential difference of step 4V, and measured 
time amount change of luminescence reinforcement. ADVANTEST OPTICAL POWER 
METER TQ8215 was used for measurement of luminescence reinforcement. As shown 
in drawing 2 , in a tris (bipyridyl) ruthenium complex (Ru(bpy)3(PF6) 2) Td having 
carried out for about 120 seconds from electrical-potential- difference impression, and 
luminescence having begun at last by mixing Li salt and PEO to a tris (bipyridyl) 
ruthenium complex (Ru2 (bpyCOONa) (bpy)) Luminescence began in several 
microseconds and the speed of response comparable as the EL element using the 
aluminum quinoline complex obtained by the conventional dry process was obtained. 
By combining from this PEO which contains Li salt in a ruthenium complex showed 
that the speed of response of a component rose remarkably. 
[0020] 

[Effect of the Invention] As mentioned above, as explained to the detail, according to 
this invention, the speed of response of a light emitting device was able to be 
remarkably gone up by combining an ion conductivity macromolecule in a tris 
(bipyridyl) ruthenium complex. 
[Brief Description of the Drawings] 

[Drawing l] It is an explanatory view explaining the luminescence principle of the EL 
element of this invention. 

[Drawing 2] It is drawing showing the speed of response of the EL element of this 
invention and contrast. 
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